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METHOD 16 - SEMICONTINUOUS DETERMINATION OF SULFUR EMISSIONS
FROM STATIONARY SOURCES

NOTE: This method does not include all of the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanmpling and anal ytical) essential to its
performance. Sone material is incorporated by reference
fromother nmethods in this part. Therefore, to obtain
reliable results, persons using this nmethod should have a
t hor ough knowl edge of at | east the follow ng additional test
nmet hods: Method 1, Method 4, Method 15, and Met hod 16A.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity
Di net hyl disul fide 62-49- 20 50 ppb
[ (CHs) .S;]
D net hyl sul fide 75-18-3 50 ppb
[ (CHs) »S]
Hydr ogen sul fide 7783-06-4 50 ppb
[ HS]
Met hyl rmer capt an 74-93-1 50 ppb
[ CH,S]

1.2 Applicability. This nethod is applicable for the
determ nation of total reduced sulfur (TRS) conpounds from
recovery furnaces, linme kilns, and snelt dissolving tanks at
kraft pulp mlls and fuel gas conbustion devices at

petrol eum refineries.
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NOTE: The met hod descri bed bel ow uses the principle
of gas chromat ographic (GC) separation and flane photonetric
detection (FPD). Since there are many systens or sets of
operating conditions that represent useabl e nethods of
determ ning sul fur emssions, all systens which enploy this
principle, but differ only in details of equipnent and
operation, may be used as alternative nethods, provided that
the calibration precision and sanple line loss criteria are
met .

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 A gas sanple is extracted fromthe em ssion
source and an aliquot is analyzed for hydrogen sulfide
(H,S), methyl nercaptan (MeSH), dinethyl sulfide (DVS), and
di met hyl disulfide (DVMDS) by GC/FPD. These four conpounds
are known collectively as TRS.

3.0 Definitions. [ Reser ved]
4.0 Interferences.

4.1 Moisture. Moisture condensation in the sanple
delivery system the analytical colum, or the FPD burner
bl ock can cause | osses or interferences. This is prevented

by mai ntaining the probe, filter box, and connections at a
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tenperature of at least 120 °C (248 °F). Moisture is
renmoved in the SO, scrubber and heating the sanple beyond
this point is not necessary when the anbient tenperature is
above 0 °C (32 °F). Alternatively, noisture may be
elimnated by heating the sanple line, and by conditioning
the sanple with dry dilution air to lower its dew point
bel ow t he operating tenperature of the GC/ FPD anal ytica
system prior to analysis.

4.2 Carbon Mnoxide (CO and Carbon Di oxide (CO).
CO and CO, have a substantial desensitizing effect on the
flame photonetric detector even after dilution. Acceptable
systens nust denonstrate that they have elimnated this
interference by sone procedure such as eluting these
conpounds before any of the conpounds to be neasured.
Conpliance with this requirenent can be denonstrated by
subm tting chromatograns of calibration gases with and
wi thout CO, in the diluent gas. The CO, | evel should be
approximately 10 percent for the case with CO, present. The
two chromat ograns shoul d show agreenment within the precision
[imts of Section 10. 2.

4.3 Particulate Matter. Particulate matter in gas
sanpl es can cause interference by eventual clogging of the
anal ytical system This interference is elimnated by using

the Teflon filter after the probe.
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4.4 Sulfur Doxide (SG). Sulfur dioxide is not a
specific interferant but nay be present in such |arge
anounts that it cannot effectively be separated fromthe
ot her conpounds of interest. The SO, scrubber described in
Section 6.1.3 will effectively renove SO, fromthe sanple
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous
materials, operations, and equipnment. This test nethod may
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
nmet hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.

5.2 Hydrogen Sulfide. A flammble, poisonous gas
with the odor of rotten eggs. H,S is extrenely hazardous
and can cause col | apse, coma, and death within a few seconds
of one or two inhalations at sufficient concentrations. Low
concentrations irritate the nucous nenbranes and nay cause
nausea, dizziness, and headache after exposure.

6.0 Equipment and Supplies.

6.1. Sanple Collection. The following itens are
needed for sanple collection.

6.1.1 Probe. Teflon or Teflon-lined stainless steel.

The probe nust be heated to prevent noisture condensati on.
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It nmust be designed to allow calibration gas to enter the
probe at or near the sanple point entry. Any portion of the
probe that contacts the stack gas nust be heated to prevent
noi sture condensation. Figure 16-1 illustrates the probe
used in linme kilns and other sources where significant
anounts of particulate matter are present. The probe is
designed with the deflector shield placed between the sanple
and the gas inlet holes to reduce clogging of the filter and
possi bl e adsorption of sanple gas. As an alternative, the
probe described in Section 6.1.1 of Method 16A having a
nozzle directed away fromthe gas stream may be used at
sources having significant anmounts of particulate matter

6.1.2 Particulate Filter. 50-mm Teflon filter hol der
and a 1- to 2-mcron porosity Teflon filter (avail able
t hrough Savill ex Corporation, 5325 Hi ghway 101, M nnetonka,
M nnesota 55343). The filter holder nmust be maintained in a
hot box at a tenperature of at |east 120 °C (248 °F).

6.1.3 SO, Scrubber. Three 300-m Tefl on segnented
i npi ngers connected in series wth flexible, thick-walled,
Tefl on tubing. (Inpinger parts and tubing avail abl e through
Savillex.) The first two inpingers contain 100 m of
citrate buffer and the third inpinger is initially dry. The
tip of the tube inserted into the solution should be

constricted to less than 3 Mrmm (1/8 in.) ID and should be
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imrersed to a depth of at least 5 cm (2 in.). Imerse the
inpingers in an ice water bath and maintain near 0 °C
(32 °F). The scrubber solution will normally last for a
3-hour run before needing replacenent. This will depend
upon the effects of noisture and particulate matter on the
solution strength and pH  Connecti ons between the probe,
particulate filter, and SO, scrubber nust be made of Tefl on
and as short in length as possible. Al portions of the
probe, particulate filter, and connections prior to the SO
scrubber (or alternative point of nbisture renoval) nust be
mai ntai ned at a tenperature of at |east 120 °C (248 °F).

6.1.4 Sanple Line. Teflon, no greater than 1.3 cm
(21in.) ID. Aternative materials, such as virgin Nylon,
may be used provided the line loss test is acceptable.

6.1.5 Sanple Punp. The sanple punp nust be a | eakl ess
Tef | on- coat ed di aphragm type or equival ent.

6.2 Analysis. The following itens are needed for
sanpl e anal ysi s:

6.2.1 Dilution System Needed only for high sanple
concentrations. The dilution system nust be constructed
such that all sanple contacts are nade of Teflon, glass, or
stainl ess steel.

6.2.2 Gas Chromatograph. The gas chromat ograph nust

have at |east the foll owi ng conponents:
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6.2.2.1 Oven. Capable of maintaining the separation
colum at the proper operating tenperature + 1 °C (2 °F).

6.2.2.2 Tenperature Gauge. To nonitor colum oven,
detector, and exhaust tenperature + 1 °C (2 °F).

6.2.2.3 Flow System Gas netering systemto neasure
sanpl e, fuel, conbustion gas, and carrier gas fl ows.

6.2.2.4 Flame Photonetric Detector.

6.2.2.4.1 Electronmeter. Capable of full scale
anplification of linear ranges of 10°° to 10* anperes ful
scal e.

6.2.2.4.2 Power Supply. Capable of delivering up to
750 volts.

6.2.2.4.3 Recorder. Conpatible with the out put
vol tage range of the el ectroneter.

6.2.2.4.4 Rotary Gas Valves. Miltiport Teflon-lined
val ves equi pped with sanple |oop. Sanple | oop vol unes nust
be chosen to provide the needed anal ytical range. Teflon
tubing and fittings nust be used throughout to present an
inert surface for sanple gas. The gas chromat ograph nust be
calibrated wwth the sanple | oop used for sanple anal ysis.

6.2.3 Gas Chromat ogram Col ums. The col unmm system
nmust be denonstrated to be capable of resolving the four
maj or reduced sul fur conpounds: H,S, MeSH, DMS, and DVDS. It
nmust al so denonstrate freedom from known interferences. To

denonstrate that adequate resol uti on has been achi eved,
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submt a chromatogram of a calibration gas containing al
four of the TRS conpounds in the concentration range of the
appl i cabl e standard. Adequate resolution will be defined as
base |line separation of adjacent peaks when the anplifier
attenuation is set so that the smaller peak is at |east 50
percent of full scale. Baseline separation is defined as a
return to zero 5 percent in the interval between peaks.
Systens not neeting this criteria nmay be consi dered
al ternate nethods subject to the approval of the
Adm ni strator.

6.3 Calibration. A calibration system containing
the foll om ng conmponents, is required (see Figure 16-2).

6.3.1 Tube Chanmber. Chanber of glass or Teflon of
sufficient dinensions to house perneation tubes.

6.3.2 Flow System To neasure air flow over
perneation tubes at 2 percent. Flow over the perneation
device nmay al so be determ ned using a soap bubbl e fl owreter

6.3.3 Constant Tenperature Bath. Device capabl e of
mai nt ai ni ng the perneation tubes at the calibration
tenperature within 0.1 °C (0.2 °F).

6.3.4 Tenperature Gauge. Thernoneter or equival ent
to nmonitor bath tenperature within 1 °C (2 °F).

7.0 Reagents and Standards.



974

7.1 Fuel. Hydrogen (H,), prepurified grade or
better.

7.2 Conbustion Gas. Oxygen (OQ) or air, research
purity or better.

7.3 Carrier Gas. Prepurified grade or better.

7.4 Diluent (if required). Air containing |ess than
50 ppb total sulfur conpounds and | ess than 10 ppnv each of
nmoi sture and total hydrocarbons.

7.5 Calibration Gases.

7.5.1 Perneation tubes, one each of HS, MSH, DV5,
and DVDS, gravinetrically calibrated and certified at sone
conveni ent operating tenperature. These tubes consist of
hernmetically sealed FEP Teflon tubing in which a liquified
gaseous substance is enclosed. The encl osed gas perneates
through the tubing wall at a constant rate. Wen the
tenperature is constant, calibration gases covering a w de
range of known concentrations can be generated by varying
and accurately neasuring the flowrate of diluent gas
passi ng over the tubes. These calibration gases are used to
calibrate the GO/ FPD system and the dilution system

7.5.2 Cylinder Gases. Cylinder gases nmay be used as
alternatives to perneation devices. The gases nust be
traceable to a primary standard (such as perneation tubes)

and not used beyond the certification expiration date.
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7.6 Citrate Buffer and Sanple Line Loss Gas. Sane as
Met hod 15, Sections 7.6 and 7.7.
8.0 Sample Collection, Preservation, Storage, and
Transport.
Sanme as Method 15, Section 8.0, except that the

references to the dilution system may not be applicable.
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9.0 Quality Control.

Quality Control

Section Measure Ef f ect
8.0 Sanple line | oss Ensures that uncorrected
check. negati ve bias introduced

by sanple loss is no
greater than 20 percent,
and provi des for
correction of bias of 20
percent or |ess.

8.0 Calibration drift Ensures that bias
test. i ntroduced by drift in
t he measurenent system
out put during the run is
no greater than 5

per cent .
10.0 Anal yti cal Ensures precision of
cal i bration. anal ytical results within
5 percent.

10.0 Calibration and Standardization.
Sanme as Method 15, Section 10.0, with the foll ow ng
addi ti on and exceptions:
10.1 Use the four conpounds that conprise TRS instead
of the three reduced sul fur conpounds neasured by Method 15.
10.2 Flow Meter. Calibration before each test run is
recommended, but not required; calibration foll ow ng each
test series is mandatory. Calibrate each flow neter after
each conplete test series with a wet-test nmeter. |f the
fl ow measuring device differs fromthe wet-test neter by
5 percent or nore, the conpleted test runs nust be voi ded.

Al ternatively, the flow data that yield the |ower flow
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measurenent may be used. Flow over the perneation device
may al so be determ ned using a soap bubble flowreter.
11.0 Analytical Procedure.

Sanpl e collection and anal ysis are concurrent for this
met hod (see Section 8.0).
12.0 Data Analysis and Calculations.

12.1 Concentration of Reduced Sul fur Conpounds.
Cal cul ate the average concentration of each of the four
anal ytes (1.e., DVDS, DVs, H,S, and MeSH) over the sanple
run (specified in Section 8.2 of Method 15 as 16

i njections).

i Eq. 16-1

wher e:

S = Concentration of any reduced sul fur conmpound from
the it" sanple injection, ppm

C = Average concentration of any one of the reduced
sul fur compounds for the entire run, ppm

N = Nunber of injections in any run period.

12.2 TRS Concentration. Using Equation 16-2,

calcul ate the TRS concentration for each sanple run

Crrs = d X( Cis* Cuesn* Cons 2 Covps) Eq. 16-2



wher e:
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Cirs = TRS concentrati on,

Cos =

Cwest = Met hyl

Cos = Dimethyl

Cowos = Di et hyl

d = D lution factor,

12.3 Average TRS Concentrati on.

average TRS concentration for al

Hydr ogen sul fide concentration,

mer capt an concentrati on,

N
Y TRS

Average TRS = - L
d N(1-B)

wher e:
Aver age TRS

TRS

N

B,

the gas stream as determ ned by Method 4 -

Aver age tota

sul fi de concentration

di nensi onl ess.

Total reduced sul fur in

di sul fide concentration, ppnv.

Cal cul ate the

sanpl e runs perforned.

Eq. 16-3

reduced sul fur in ppm

ppm as

determ ned by Equation 16-2.

Nunber of

sanpl es.

Fraction of volunme of water vapor in

Mbi sture in Stack Gases.

13.0 Method Performance.

13.1 Anal ytical Range.

vary with the sanple | oop size.

The anal yti cal

Typi cal |y,

Det er m nati on of

range wl |

the anal ytica

range may extend fromO0.1 to 100 ppnmv using 10- to 0. 1-n
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sanple | oop sizes. This elimnates the need for sanple
dilution in nost cases.

13.2 Sensitivity. Using the 10-ml sanple size, the
m ni mum det ect abl e concentration is approximately 50 ppb.
14.0 Pollution Prevention. [Reserved]

15.0 Waste Management. [ Reserved]
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Figure 16-1. Probe used for Sample Gas Containing High
Particulate Matter Loading.
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Figure 16-2.
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